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Table 2.5b Daily Maximum Ozone Concentrations Duriﬁg SCQOS97-NARSTO

by Air Basin During SCOS97-NARSTO
(hased on AIRS data base as of 3-26-98)

Daily Maximum 1-hour and 8-hour Ozone Concentrations (ppb)

. “partial and fullintensive operational days are iridicated with shading ~

2-23

Date| SoCAB MDAB SDAB .SCCAB SSAB SJVAB (KC)
1997 | 1-hr  8-hr ! 1-hr 8-hr | 1-hr 8-hr | 1-hr 8-hr| 1-hr 8-hr | 1-hr  8-hr
615 | 95 73 | 73 68 [ 62 59 | 66 59| @5 79 79 72
616 90 .79 | 102 @80 | 72 .83 | 75 68 | 97 80 | 118 92
617 1 120 100 | 111 91 84 72 | 88 85 1130 109 | 128 106
618 | 140 116 | 123 102 | 74 61 | 114 97 | 120 89 83 67
619 | 136 103 (126 113 | 86 70 | 100 86 [ 105 95 { 101 82
620 | 110 81 | 101 89 | 68 58 | 101 B4 | 89 79 92 85
621 114 88 ) 105 99 82 . 67 | 77 68 | 80 70 74 68
622 | 100 82 88 85 | 74 51 75 66 71 65 69 66
623 | 95 80 | 107 92 71 59 | 75 &7 | 85 76 75 70
624 | 115 . 99 [ 131 1181 85 66 | 104 92 | 130 111 | 89 80
625 | 137 114 | 125 105 | 72 64 [ 112 95 | 130 93 | 104 92
626 { 150 105 | 130 112 | 90 71 | 117 85 | 97 77 91 79
627 | 144 113 | 127 115 | 82 73 99 87 | 100 90 86 76
628 | 128 106 | 116 94 88 81 82 75 g0 86 79 69
629 | 84 71 1 81 69 84 &1 86 79| 80 75 66 61
630 ] 82 68 86 77 | 60 50 | 66 58 | 80 79 49 46
701t 118 - 96 106 93 94 83 70 &7 | 100 91 84 72
7021170 139 {187 133 | 101 ©0.y- 96 91 | 130 109 | 80 78
703 { 205 143 {177 133 {112 95 ] 115 104 160 120 | 124 107
704 | 168 138 | 152 129 | 136 112 | 119 112; 100 88 | 131 113
705 1 151 124 | 112 95 [ 120 102 | 128 110| 98 81 09 88
706 | 147 123 [ 142 120 96 84 | 114 105| 87 80 | 88 73
707 1115 100 | 117 104 | 78 58 | 89 B0 | 100 89 | 105 84
708 | 107 101 | 114 103 | 77 B3 | 92 85 | 102 83 | 110 95
708 1 124 107 {124 105 | 87 68 | 104 93 [ 104 93 | 114 94
710 { 421 98 120 103 | 81 86 | 91 78| 90 o0 71 62
711 | 89 71 B0 74 | 69 53 ;67 69| 80 78 77 68
7121 98 85 g0 82 69 58 | 80 73| 90 84 79 72
713 1130 113 | 115 103 | 73 B4 | 84 83 | 108 81 | 103 91
T A0 B0 M2 od L 37 67 |85 75fiaR0 100 114 ves”
7151 95 73 93 85 88 78 | 73 67 | 110 88 | 107 90
716 | 138 112 | 136 1089 99 B3 103 84 ; 131 101 114 a0
717 1119 99 | 108 83 88 75 [ 70 65111 100 | 83 66
718 | 109 = 91 | 122 a7 83 &7 B6 74 84 73 G4 60
719 | 107 102 | 111 95 61 54 | 85 72 9N 80 | 103 88 .
720 | 141 1251128 108 | 73 61 88 B8O | 114 88 107 94
17211 106 84 88 83 | 58 556|104 78| 68 B4

123 100
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Date

SoCAB

MDAB

SDAB

SCCAB

SSAB

SJVAB (KC)

1997

1-hr |

8-hr

1-hr | 8-hr

1-hr | 8-hr

1-hr | 8-hr

1-hir | 8-hr

1-hr | B-hr

722
723
724
725
726
727
728
729

730
731
801
802
803

804

805

808
807 |7

808
809
810
811
812
813
814
815
816
817
818
819
820
821

822

823
824
825
826
827
828
829
830
831

1 901

77
118
101
121
132
139
104
105
122
125
123
159
135

i I< i

58
92

83

88
120
125

97

94

63
102
89
96
111
97
107
110
119
120
101
113
92

57

72

79

76

101
7B

83

89

102
100
77

67
106
79
88
77
75
63
80
90
86

56
84
66
71
65
62
54
51
72

2-24

49
99
94
90
77
84
77
73
8&

42
89
78
74
65
75
65
67
74
88
75
87
85

7:

80
70
84
98
95
111
105
109
87
100
109
143

65

74 62
85 75
90 82
111 92
90 81
104 87
105 92
109 96
9% 87
103 85
101 87
101 84
18 91
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80 . 41

53 38
52 49
51 49

111 81

58 51
48 45
48 © 46
51 48

2-25

73
T

106 838

49 46

47 45
54 50

62 58

100

105
110

102

55

38

Date| SoCAB [MDAB DAB ISCCAB SAB SJVAB {KC)
1997 { 1-hr | 8-br | 1-hr | 8-hr | 1-hr [ 8-hr [ 1-hr [8-hr | 4-hr [ 8-hr | 1-hr | 8-hr
902 82 76 53 [ 112 93] 64 49 | 74 62

‘82 166 7183 8 D 52 | 1328 106
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Date| SoCAB MDAB SDAB SCCAB SSAB [SJVAB (KC)
1897 | 1-hr | 8-hr | 1-hr | 8-hr | 1-hr | 8-hr [ 1-hr | 8-hr [ 4-hr [ 8-hr [ 1-hr | 8-hr
1014| B0 47 | 50 46 | 56 44 [ 74 63 | 50 43 | 56 47
1015| 53 43 | 49 46 | 71 54 | 65 .58 | 51 43 | 72 58
li018| 58 50 | 57 49 | 63 45 | 72 63 | 80 44 | 76 57

S0CAB = South Coast Ajr Basin; MDAB = Mojave Desert Air Basin; SDAB = San Diego Air Basir;

SCCAB = South Central Coast Air Basin; SSAB = Salton Sea Air Basin; STVAB {KC) = Kem County
portion of San Joaquin Valley Air Basin
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251 Synopsis of the July 14, 1997 Intensive Operational Period

The first IOP of the SCOS97-NARSTO vcewrred on Monday, July 14, When the forecast
team decided that conditions conducive to the formation of high ozone concentrations on J uly 15
were not developing as anticipated, the IOP was terminated. Although the IOP was not of
sufficient duration for modeling purposes, this IOP served as a valuable “shakedown” exercise
for identifying and correcting potential problems before additional 10Ps were called.

The preliminary peak 1-hour ozone concentration during this IOP was 14 pphn (the peak on
July 15 was 12 pphm). Except for the high ozone concentrations observed during the July 2-6
Independence Day weekend (when a “Stand down” was in effect duc to large forest fires in the
San Gabriel Mountains and atypical vaffic patterns expected during the long holiday weekend),
the peak ozone concentration observed during the JOP was the highest until then during the
month of July. Maximum 8-hour concentrations were relatively low although the national )
standard was exceeded in the South Coast, Mojave Desert, and Salton Sea Air Basins. This one-
day IOP captured three weak episode types of interest to the study sponsors but resources were
held in reserve in anticipation of future episodes with greater potential for high ozone
concentrations,
Day 1
Although a high atmospheric pressure system was building in the "Four Corners” region on
Monday, July 14, ozone conceéntrations did not rise as much as forecast due to the influence of
high clouds from hurricanes off Baja California and a weak low pressure system off the centrat
coast of California. Only the STI and UCD aircrafi flew on this day. The STI Aztec flew the
western boundary and offshore route only during the afternoon due to extensive fog during the
morning. The influence of the cloud cover and offshore low pressure system further limited
ozome production to a peak concentration of 12 pphm on July 15. :

252 Synopsis of the August 4 - 7, 1997 Intensive Operational Period

The first full IOP of the SCOS97-NARSTO occurred from Monday, August 4 into
Thursday, August 7. The preliminary peak 1-hour ozone concentration during this IOP was 19
pphm at Riverside, That ozone concentration is the second highest observed during SCOS97-
NARSTO (the highest concentration occurred in conjunction with the Independence Day
weekend). In addition, this three~day plus episode captured weak versions of all five episode
types of special interest to the study planners. High surface temperatures actually may have
reduced the peak concentrations by creating a much larger vertical mixing volume than otherwise
would have occurred. Although the region of extremely high ozone concentirations was
somewhat limited on the peak (second) day of the episode, several sites and areas exceeded the
national ambient air quality standard (NAAQS) on the third day of the episode. Despite
extremely hot surface temperatures, air conditioning failures, and power outages, the data
recovery during this first multi-day IOP of SCOS97-NARSTO appears to have been quite high.
Data Josses occurred at a couple of radar wind profiler sites and on the morning Right of the
western boundary aircraft. Most other data losses were of a short-term nature,
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Day I

On Monday, August 4, a high atmospheric pressure system was building in the "Four
Corners" region, On this "ramp-up" day for photochemical modeling, ozone concentrations were
highest in the eastern portion of the S0CAB, peaking at 14 pphm at Rim of the World High
School and aiso exceeding the NAAQS at the University of California in Riverside and Banning
Airport. Onty Black Mountain in San Diego exceeded the California ambient air quality
standard (CAAQS). The ozone lidar staff reported two layers of high ozone concentrations (at
approximately 1.25 and 2.5 km); the lower layer disappeared with the hot surface temperatures
breaking that inversion. Aireraft pilots reported preliminary ozone concentrations of 13 pphm in
the vicinity of Temecula. Data were lost from the momning flight of the San Dicgo Navajo. The
UJSN Partnavia was unavailable on this day.
Day 2

On Tuesday, August 5, 500 mb pressure heights were above 5900 meters and 850 mb
temperatures were above 30 degrees C. Very hot surface temperatures were also expected and
the concern was whether the temperature inversion would break before high ozone levels
occurred. Peak ozone concentrations increased markedly from the previous day in the eastern

SoCAB and at Otay Mesa in southern San Diego County. Peak concentrations were 19 pphm at
Riverside-Rubidoux and 17 pphm at UC Riverside and Redlands. A limited number of other

sites exceeded the NAAQS but with a maximum of 15 pphm. The NAAQS was not exceeded in '

the surrounding air basins but the CAAQS was exceeded at several sites in San Diego County
(Otay Mesa being the highest at 12 pphm) and at one site in Santa Barbara. Aircraft pilots
reported preliminary ozone concentrations of 18 pphm near Temecula and San Clemente Island
during the morning and 19 pphm in the vicinity of Riverside during the afterncon.
Day 3

On Wednesday, August 6, widespread high ozone concentrations were forecast with a Type
1 episode giving way to episode types 3 and 4. The peak ozone concentration occurred at Rim of
the World High School (16 pphm) and 135 pphm concentrations were observed at Redlands and
Crestline. Several sites exceeded the NAAQS including Simi Valley in Ventura County and
Hesperia in the Mojave Desert. With a coastal eddy developing, concentrations near the coast
declined. However, the eddy also advected high ozone concentrations from the SoCAB into
Ventura County with exceedances of the NAAQS being observed at Simi Valley and at Laguna
Peak and Calabasas during the evening. With stronger on-shere flow, Hesperia, north of Cajon
Pass in the Mojave Desert, also exceeded the NAAQS. The San Dicgo Navajo was only able to
fly the western boundary/offshore route during the morning as military operations offshore and
mechanical difficulties forced it to abort its afterncon flight.
Day 4

On Thursday, August 7, the coastal eddy thickened the marine layer and pushed the high
ozone concentrations in the SoCAB further inland than on the previous day. The highest
concentrations were 15 pphm at Lake Elsinore, 14 pphm at Hesperia, Rim of the World High
School, Banning Airport, and Phelan. Because of the coastal eddy and the potential for

- unhesalthful ozone concentrations in Ventura County, the U.S. Navy and ST aircrafi were
authorized to fly over Ventura County and offshore to characterize the distribution of ozone
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concentrations during the eddy. The departuré of the aircraft was delayed by fag and significant
amounts of ozone aloft were not encountered by the aircraft. A peak surface ozone concentration
of 12 pphm was abserved at Simi Valley.

2.53 Synopsis of the August 22 - 23, 1997 Intensive Operational Period

The second full IOP of SCOS37-NARSTO occurred on Friday and Saturday, August 22 and
23. The peak 1-hour ozone concentration during this IOP was 14 pphm at Riverside; the peak 8-
hour concentration was 10.5 pphm at Redlands. This IOP captured several weak episodes of
types 1,3, 4, and 5. Although the potential for high ozone concentrations was limited, interest
existed for capturing a weekend episode with moderate concentrations. However, cloud cover
and moisture once again suppressed the peak ozone concentrations. Concentrations were slightly
higher on Saturday but with lower ozone levels forecast for Sunday, the IOP was terminated.

Day I

_ On Friday, August 22, ozone concentrations were highest in the sunnier northwest portion

of the study area: 13 pphm in the San Fernando Valley. Interestingly, ozone concentrations at a
site in Imperial County reached 12 pphim and the 8-hour average of 10.0 pphm was the highest in
the study area on this day. The NAAQS was exceeded only in the South Coast Air Basin.
Alrcraft pilots reported ozone concentrations of 7-8 pphm aloft near San Nicolas Island and 15-
17 pphm aloft over the central SeCAB. An aerosol IOP also occurred on this day.

Day 2

On Saturday, August 23, peak ozone concentrations increased madestly from the previous
day in the coastal air basins. The peak concentrations was 14 pphm at Riverside-Rubidoux. The
NAAQS was not exceeded in the surrounding air basins but the CAAQS was exceeded in the
. South Ceniral Coast, San Diego, and Mojave Desert Air Basins. An offshore tracer release

oceurred on this day. The USN Partnavia was not available for operations on the second day of
the I0P. ' __

2.54 Synopsis of the September 3 - 6, 1997 Intensive Operational Period

Both the peak 1-hour and 8-hour ozone concentrations (16 and 9.9 pphm, respectively)
during this IOP occurred on September 4 at Mt. Baldy Village. The 16 pphm ozone

concentration represents the fourth highest episede observed during SCO$97-NARSTO (the July .

2-4, August 5, and September 28 episodes were higher). This three-day plus episode captured
the best Type 2 episode event during SCOS97-NARSTC and weak Type | and 3 episodes. The
NAAQS was only exceeded on September 4 in the SoCAB and SDAB. This IOP also featured
two intensive aerosol days and an offshore tracer release.

Day 1

On Wednesday, September 3, a partial [OP was initiated with the NOAA lidar, UCD
Cessna, and STI Aztec operating, The Aztec flew the western boundary route during the
afternoon while the Cessna made three flights. On this "ramp-up” day for photochemical
modeling, ozone concentrations were below the CAAQS in all areas except the SoCAB. The
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peak 1-hour/8-hour concentrations were 13/9.0 pphm at Mt, Baldy Village in the San Gabriel
Mountains.
Day 2

On Thursday, September 4, the CAAQS and the §-hour NAAQS were only exceeded in the
South Coast and San Diego Air Basins. The I-hcur and 8-hour peaks in the SoCAB on this day
were also the peaks for the IOP. An aerosol IOP and a offshore tracer release were conducted on
this day.
Day 3

On Friday, September 5, no areas exceeded the 1-hour NAAQS and only the SoCAB and

SDAB exceeded the 8-hour NAAQS. The CAAQS was only exceeded in the South Coast, San
Diego, and Mojave Desert Air Basins on this day. An aerosol IOP also occurred on this day.

Day 4

On Saturday, September 6, the only area o exceed the CAAQS or the 8-hour NAAQS was
the SoCAB. Effectively, the last day of the IOP was an Episode Type 0.

255 Synopsis of the September 27 - 29, 1997 Intensive Operational Period

Both the peak 1-hour and 8-hour ozone concentrations (17 and 10.7 pphm, respectively)
during this 10P occurred on Sepfember 28 at Uptand. The 17 pphm ozone concentration
represents the third highest episode observed during SCOS97-NARSTO (the Tuly 2-4 and
August 5 episodes were higher). The 1-hour NAAQS was exceeded only on September 27 and:
28 in the SoCAB but the CAAQS was exceeded in all areas and the 8-hour NAAQS was
exceeded in all areas except the Mojave Desert Air Basin and Imperial County. This IOP also
featured intensive aerosol days on the 28" and 29%.
Dap 1

On Saturday, September 27, a partial [OP was initiated with the NOAA lidar, UCD Cessna,
US Navy Partnavia, and both San Diego aircraft operating. On this potential "ramp-up" day for
photochemical modeling, ozone concentrations were above the NAAQS only in the SoCAB and
above the CAAQS in the SDAB. The SoCAB and SDAB were also the only air basins where the
8-hour NAAQS was exceeded.

Day 2

The peak 1-hour and 8-hour ozone concentrations during this IOP occurred on Sunday,.
September 28, 17 and 10.7 pphm, respectively in the SoCAB. The CAAQS and the 8-hour
NAAQS were also exceeded in San Diego, Ventura, and Santa Barbara Counties. An aerosol IOP
occurred on this day

Day 3
On Manday, September 29, no areas exceeded the 1-hour NAAQS and only the SDAB did

not exceeded the CAAQS. The 8-hour NAAQS was only exceeded in the SoCAB and Ventura
County on this day. An aerosol IOP also occurred on this day. -
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25.6 Synopsis of the October 3 - 4, 1997 Intensive Operational Period

The last IOP of the SCOS97-NARSTQ occurred Friday and Saturday, October 3 and 4. The
peak l-hour ozone concentration during this IOP was only 13 pphm at Rim of the World High
School; the peak 8-hour concentration was a relatively high 10.5 pphm, also at Rim of the World
High School. The CAAQS was also exceeded in the MDAB and Imperial County. The MDAB .
was the only area besides the SoCAB to exceed the 8-hour NAAQS, A tracer material was
released offshore in the shipping lanes on Saturday, October 4. Both 1-hour and 8-hour ozone
concentrations increased significantly in almost all areas from October 3" to the 4%

2.6 Recommendations of Which I0Ps to Model

2.6.1 Recommendations of Which Qzone JOPs to Model

Although ozone concentrations were less than hoped for or even expected during the
SCOS97-NARSTO due to the persistent passage of low pressure systems associated with the
well-publicized El Niifio, the episodes with the highest possible 1-hour concentrations were
captured. Vatuable insights and information will be gleaned from modeling applications. Four
of the six IOPs have reasonable justifications for being modeled. Listed below, in order of
priority, are the eplsodes recommmended for potential modeling; pertinent information is also
included. _

A) Aungust 4 -7

1) peak ozone concentration during 10Ps {19 pphm)
2) several episode types occurred
3} exceedances of CAAQS in all six areas; exceedances of NAAQS in three areas
B) September3 -6
1} concurrent with aerosol IOP and tracer release
2} concentrations relatively low although SoCAB peak is 16 pphm
C} September 27 - 29
13} IOP with second highest ozone concentration (17 pphm)
2) concurrent with aerosol 1OP
D) October3 -4
1) low ozone concentrations but relatively large increase from one day to the next in
most areas
2) tracer release occurred on second day

2.6.2 * Recommendations of Which Acrosol IOPs to Model ]

Between August 27 and September 13, Caltech and CIRPAS obtained aircraft
measurements of the concentrations and size distributions of particulate matter and its constituent
chemical species. The information obtained from aircraft observations of the vertical distribution
of gas- and aerosol-phase chemical species will further improve the understanding of the
dynamics of particulate air pollution in the SoCAB. It will also be used for testing, diagnosis,
and improvement of mathematical models used in assessing the impacts of proposed emission
control strategies,
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The following is a list of the dates from the SCOS97 aerosol monitoring program,
recommended for potential aerosol modeling in the SoCAB. These dates are recommended
because the most extensive aerometric data sets are zvailable from advanced continuous (such
as ATOFMS single-particle analysis and particle size distribution measurements by optical
counters and electrical mobility) and filter-based aerosol measurement equipment at surface sites,
. an array of solar radiometers, and an aircraft instrumented with advanced aerosol analyzers.

August 26 - August 28
e Ajrcraft sampling supported the three-dimensional evolution of aerosol size and

concentration along the same west-to-east path as the first set of Trajectory Study
experiments.

September 4 - 6
» Alircraft sampling supported the “nitrate trajectory” sampling with measurements both along

the transport path and over a wider area to help characterize the spatial extent of phenomena
observed along the trajectory.

September 9 - 13
s Aircraft sampling provided vertical profiles of irradiance and aerosol size and concentration

for the Intensive radiation measurements.

September 27 - September 28
s The nitrate peak was about 40 ug/m3, concurrent with ozone IOP (IOP with second highest

ozone concentration of 17 pphm in SoCAB).
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30  SCOS97-NARSTO MEASUREMENTS

The synopsis of measuremenis has already provided a general overview of these
measurements; this section provides a more detailed description designed to focus data
analysts and modelers search for data of particular interest to their question. Important
features of the measurement progratm are the Routine Network, ex1stmg meteorological
resources and supplemental measurements.

3.1  Site Descriptions

In souther California, the Routine Network forms the matrix of surface data collection
for air quality and for meteorological parameters. 1n this domain, there are also
permanent existing surface meteorological monitoring stations that do not collect air
quality data, do not report their meteorological data to AIRS, and are not part of the
Routine Network. The SCOS97-NARSTO primarily relied on, scrutinized QA at, and ir
essence, superimposed the supplemental ozone, NOy, and aerosol networks on the matrix
of the Routine Network. Each SCOS97-NARSTO network also added new stations, As
defined here, supplemental stations, temporary or semi-permanent, are those whose data
are not reported 1o AIRS. A more detailed description of the existing Routine Network
and existing surface meteorological monitoring sites is provided in section 3.2 of this
volume.

The supplemental ozone network included the AeroVironment stations — Calabasas,
Cajon Pass West, Santa Catalina {sland Airport, Santa Catalina Island Isthmus, and Palos
Verdes; the ARB station - Mount Baldy Village; the Children’s Health Study stations -
Lompoc Cabrillo High School, Lake Arrowhead, Jurapa Valley High School [Mira
Loma}, Gladstone Elementary School [San Dimas], and UC Riverside Agricuitural
Experimental Station; the CE-CERT stations — Mount Wilson, Tehachapi Pass, San
Nicolas, Attantic Richfield Oil Company [ARCO Tower], Diamond Bar [South Coast
AQMDY], and Union Pacific Railroad {Chino Mire Loma]; the South Coast AQMD
station— Temecula; the San Diego CAPCD stations — Black Mountain, Red Mountain,
San Marcos Pezk, Valley Center, Warner Springs, Camp Pendelton, Soledad Mountain,
and San Clemente Island; Mojave Desert AQMD station —~ Cajon Pass East; Santa
Barbara CAPCD station — Santa Rosa Island; the Portland State University station — UC
Riverside CE-CERT Facility; and the U.S. Navy stations - Point Mugu and Laguna Peak
.supplemental sites. ‘It is important to note that many of these sites were in the past part of
the Routine Network and future monitoring programs may be able to take advantage of
the SCOS97-NARSTO experience of operating and managing these sites. Certain of
these, such as the Children’s Health Study sites, continue to operate routinely. Each
subset of the supplermnental ozone sites will be described in section of 3.3 of this volume.
Table 1 provides a list of supplemental ozone sites, The Santa Barbara CPACD operated
the Santa Rosa Island site to provide data during SCOS97-NARSTO and has submitted
these data to AIRS. The ARB Mount Baldy Village site also reported data to AIRS.,

The supplemental NOy network included the AeroVironment stations — Calabasas, and
Cajon Pass West; the CE-CERT ‘stations - — San Nicolas Island, Diamond Bar {South
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2006/P373-A02



Coast AQMD], Union Pacific Raitroad {Chino Mira Lomal,Azusa, Banning, Los Angeles
North Main, Simi Valiey, and Soledad Mountain; the Mojave Desert AQMD stations —
29 Palms, and Barstow; and the San Diego CAPCD station — Alpine. Of these, Azusa,
Banning, Los Angeles North Main, Simi Valley, 29 Palms, Barstow, and Alpine report
some of their data to AIRS. The NOy network will be described more fully in section 3.3
of this volume. Table 2 has a list of supplemental NOy sites.

The ten station supplemental aerosol network included the CE-CERT stations — Mount
Wilson, Azusa, Azusa North Todd, Diamond Bar, Los Angeles North Main, Union
Pacific Railroad [Chino Mira Loma],

and UC Riverside CE-CERT Facility; the Children’s Health Study station - Jurupa Valley
High School [Mira Lomal; and the UC Riverside station — Pierce Hail. Of these, Azusa
and Los Angeles North Main repert some of their data to AIRS. Dr. Prather fUC
Riverside], Dr. Cass [Cal Tech], Dr. Hering [Aerose]l Dynamics], and other aerdsol
groups from the Harvard School of Public Health and the Brigham Young University
operated instruments at the aerosol network sites. The aerosol network will be further
described in section 3.6 of this volume. The radiation retwork consisted of twa stations —
the Mount Wilson and the UC Riverside CE-CERT facility. ‘This network and the
routine radiation network are further described in section 3.6 of this volume. Table 3 has
details of aerosol and radiation sites. Piease note that site identification for UC Riverside
Pierce Hall notes two sites, one for Professor Prather’s Lab and the other for the roof of
the building; both these sites were noted as the Pierce Hall in the aerosol planning
docurnents [RIPH]. The site identification for CE-CERT facility [RICE] has also been
changed to RIRD because it contradicted an earlier site identification designation within
the SCOS97-NARSTO Atlas.

In the past few years, through the Photochemical Assessment Monitoring Stations
{PAMS) program, and under the direction of the'U.S. EPA, hydrocarbon and carbony!
speciation has been added to measurements at the Routine Network in southern
California. The SCOSS7-NARSTC VOC network expanded the frequency of PAMS
monitoring at the Routine Network sites, added new sites, and instituted a rigorous QA
program. The 23 site VOC network included the DRI stations — Mexicali {Technical
University], Tijuana [Rosarito Beach], Point Conception, San Nicolas Island, Anaheim,
Burbank, Santa Catalina Island Isthmus; the U.S. Marines stations —29 Palms; the )
Portland State University station - UC Riverside CE~CERT Facility; the South Coast
AQMD stations — Azusa, Burbank, Hawthotne, Pico Rivera; the San Diego CAPCD —
Kearny Mesa [Ovetland], Soledad Mountain, Alpine; the UC Riverside biogenic
hydrocarbon stations -- Azusa, Banning, Pine Mountain, Ojai Forest, and Mount Baldy

_ Village; and the U.S. EPA stations at Azusa. Mexicali {Technical University], Tijuana
‘[Rosarito Beach], Point Conception, San Nicolas Island, Santa Catalina Island Isthmus
Airport, Soledad Mountain, Pine Mountain, Ojai Forest, 29 Palms, and Mount Baldy
stations were added to the PAMS network. Some measurement groups were collocated
because DRI needed to continue the reformulated gasoline studies in the SoCAB at the
same sites for 1995-97 and new automated continuous sampling at Burbank required
rigorous QA throngh measurement intercomparison. To investigate air pollution
transport from SoCAB to the Mojave Desert Air Basin, DRI also operated a halocarbon
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netwark at Barstow and Eancaster. Hydrocarbon and carbonyl samples were collected
onboard four airplane platforms — San Diego Navajo and Cessna 182, UC Davis Cessna
182, and STI Aziec. Samples were delivered to the El Monte and the Camarillo airports,
and to the Montgomery Field and shipped to DRI or to Biosphere Research Corporation
{CE-CERT subcontractor] for speciation and analysis. More thorough description of the
VOC network is provided in section 3.3 of this volume. A VOC network site list is
provided in Table 4. Please note that due to wildfires, the Pine Mountain station had to
be moved.

In the past few years and through the PAMS program, EPA has also added
meteorological resources aloft, specifically radar wind profilers and radio acoustic
sounding systems, to the Routine Network in southern California. These include the
South Coast AQMD stations -~ Los Angeles and Ontario airports; the Ventura CAPCD
station — Simi Valley; the San Diego CAPCD stations — Point Loma and Valley Center.
To these, ARB added two units early on the SCOS97-NARSTO planning process at the
El Monte Airport and the Norton Air Force Base. Then, the TC significantly improved
these resources by adding the NOAA {William Neff] stations — Alpine Meteorological,
Goleta, Los Alamitos, Port Hueneme, Carlsbad, Palmdale, San Clemente Island
Meteorological, Santa Catalina Island Meteorological, Tustin, University of Southern
California Meteorological, and the Van Nuys airport; the NOAA [M.J. Post] stations —
Brown Field and El Centro; the Radian-5T] stations — Barstow Meteorological, Riverside
" H.G. Mills Water District, Temecula East Municipal Water District, Thermal Airport, and
Hesperta Oak Hills Center; the U.S. Air Force stations - three sites at Vandenberg Air
Force Base. To study nocturnal jets and other meteorological phenomena closer to the
ground, the TC and the Meteorological WG, decided to incorporate sound detection and
ranging (sodar) instruments with finer resolution (altitude increments of roughly 73
meters vs. 100 meters for profilers) closer to the ground. The seven station network
included the NOAA [William Neff] stations — Los Alamitos, Azusa Meteorological,
. Santa Clarita, and Vandenberg Air Force Base; San Diego CAPCD station — Wamer
- Springs Meteorological; and U.S. Marines stations — two sites at 29 Palms. Due o
ground clutter, the second sodar at 29 Palms was moved to a new location inside the base.
{Atlas site identification 29PB moved to 29PC]. The RWP-RASS and sodar networks are
listed in Tables 5 and 6. :

To expand the meteorological rescurces alofi further and to provide opportunities for QA
through platform data intercomparisons, the TC and the Meteorological WG supported
more frequent rawinsondes from existing military bases and the National Weather
Service sites and added new rawinsonde sites. The thirteen site network included the
ARB station — Bakersfield Meteorological; the Nationa] Weather Service station —
Miramar; the military bases — 29 Palms, Edwards Air Force Base, China Lake, Tustin [El
" Toro operations moved to Tustin], San Nicolas, Point Mugu, North Island Naval Air
Station [launch station moved to. Imperial Beach], and Vandenberg Air Force Base, and
the CE-CERT stations at UCLA, UC Riverside CE-CERT Facility, and Pomona. Due to
_ security concerns at Pomona, the CE-CERT did not launch midnight sondes in the last
two IOP days. Meteorological parameters, particularly temperature and relative
humidity data, were available from seven ozonesonde site network from the CE-CERT

3-3
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stations — Anaheim, California State University at Northridge, Valley Center, Pomona,
UC CE-CERT Facility, University of Southern California Hancock Building; and from
the U.S. Navy station at Point Mugu, Tables 7 and 8 list the SCOS897-NARSTO sonde

network.

The TC and the Air Quality WG supplemented the ozonesonde network with two ozone
‘lidars and six instrumented airplanes. The lidars were Jocated at El Monte Airport and at
Hesperia. Airplanes wete flown from the Montgomery Field — San Diego Cessna 182
and San Diego Navajo; from the El Monte airport - UC Davis Cessna 182 and Cal Tech
Pelican zerosol; from the Camarillo airport - STI Aztec; and from Oxnard airport the U.S,
Navy Partnavia. Table 9 and 10 provide lists of thesc lidar stations and airplanes.

The SCOS97-NARSTO Atlas is available from the ARB Research Division on CD-ROM
and includes further deseription, maps, photographs, and on occasion, video of selected
sites. . .
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3.2 Existing Surface Air Quality and Meteorological Monitoring Sites

The Routine Network is the network of air quality and meteorological data gathering stations in
the SCOS97-NARSTO domain — South Coast, San Diego, South Central Coast, Mojave Desernt,
Salton Sea, and southem parts of San Joaguin Valley air basins — that report their data to AIRS,
As noted before, parameters measured at each existing site are available from the United States
Environmental Protection Agency’s Aerometric Information Retrieval System (AIRS) and
appendices A and B Volume I of this document. Please also note that the best reference
document on particulars of working with AIRS stations in southern California is the annual ARB
State and Local Air Monitoring Network Plan. Tables 1 to 6 provide details of stations within
each air basin with the SCOS97-NARSTO domain.

The South Coast AQMD has closed many stations within the last three years — Commerce-61°
Street, Cornmerce AT&SF Railroad, Commerce-Ayers Avenue, Diamond Bar, industry-Clark,
Industry-Don Julian, Industry-Volkswagon, Sania Fe Springs, Hemet, Norco, and Temecuia,
Some stations operate to monitor one or two air quality parameters sometimes due to their
compliance status [Riverside Magnolia and Ontarie Airport]. The SCAQMD has also operated
Jurupa Valley High School, Lake Arrowhead, San Dimas, and the UC Riverside Agricultural
Experimentel stations at the behest of the Children’s Health Study Program. Data from these
stations, as well 2s certain specialty aerosol data, are not reported to AIRS.

The San Diego CAPCD operates the Soledad Mountain site on a semi-permanent basis and
works closely with the Children’s Health Study program for operations at Alpine. The San
Diego CAPCD only operates the Union Street site for carbon monoxide monitoring. _

Many aerosol sites in the Mojave Desert air basin ~ China Lake Power Line, Inyokern Alrport,
Ridgecrest Las Fiores Avenue, and Tehachapi Jameson Road — have not submitted data to AIRS
for the SCOS97-NARSTO period. The Children’s Health Study program alse operates at
Lancaster.

Salton Sea air basin sites — Bombay Beach, Brawley, Mesquite, Niland, Seeley, Westmoreland,
and Winterhaven - did not supply ozone or aeroso! data to AIRS. All except the Jast two did not
commence operations as planned.

South Central Coast air basin Routine Network is managed by Santa Barbara, San Luis Obispo,
and Ventura CAPCDs. In the past three years, San Luis Obispo CAPCD has closed Nipomo
South Wilson Street and San Luis Obispo Lewis stations. The Ataseadero site is part of the
Children’s Health Study program, Santa Barbara CAPCD has clesed Battles Betieravia Road,
Gaviota A, Jalama Beach, and Vandenberg Air Force Base Point Arguello and Watt Road
stations. The Santa Maria Library site is not closed but offers no information during the
SCOS97-NARSTO study. Las Flores Canyon sites 2 and 3 only provide information on nitrogen
and sulfur dioxides. Ventura CAPCD has closed the Ventura East Main Street site and has
moved the Ojai station to the Ofai Avenue Fire Station.
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Certain Kern county portions of the San Joaquin Valley air basin were also part of the SCOS97-
NARSTC domain. ARB operates Arvin, Bakersfield California Street, Oildale, and Shafter
stations and San Joaguin UAPCD operates Bakersficld Golden State and Maricopa sites.  These
stations’ data at AIRS provides background information on.meteorclogy and en air quality in
southern Catifornia and helps data analysts and modelers to understand the context of SCOS97-
NARSTO.

The SCOS97-NARSTO meteorological modeling begins with domains much larger than the -
study domain. The SCOS97-NARSTO surface routine meteorological networks do exceed the
geographical study domain so that their data can be used as mputs to SCOS97-NARSTO

meteorological modets. These networks are described in detail in volume V of this document.

These meteorological networks have not been designed and are not operated to provide
information for air quality planning. Consequently, there is significant variability in the type of
data collected, on meteorological parameters of interest, and on the QA aspects of their
operation. The California water control resources boards have run the CIMIS network, to gather
data for preservation of water and soil resources and for watershed planning. The National
Weather Service sites provide data for weather forecasting, fire prevention, road safety, air
traffic, ocean navigation, and preparation for natural emergencies. The National Park Service
stations are designed to monitor and to maintain the health and the vitality of the wild flora and
fauna at the national parks. The NPS Air Resources Division, in partnership with parks and
others, works to preserve, protect, enhance, and understand air quality and other resources
sensitive to air quality in the National Park System. Their world wide web site provides access
to resources such as the IMPROVE network and other 11.S. government monitoring programs.
The US Forest Service stations have a function similar to the National Parks network and the
selection noted in the SCOS97-NARSTO atlas is concentrated in the SoCAB and SCCAB. The
US Navy sites have national security purposes and the selection noted in the SCOS97-NARSTO
atlas are concentrated in the SCCAB and the SDAB. The United States Department of Interior
Bureau of Land Management meteorological stations have been in operation to monitor
preservation and wise use of national resources. Finally, the CCOHD and the MCOHD
meteorological networks include a few sites in the SCOS97-NARSTO domain. CCOHD is
mostly centered around Las Vegas and Henderson, Nevada, MCOHD stations are mostly around
Phoenix Arizona. CIMIS data is available from the California depariment of Water Resources.
With some exceptions, data from other sites are available through the Western Regional Climate
Center (WRCC). The site locations, names, and designations are subject to change without
notice and many siles may be moved taken out of operation, or combine, and new sites can be
added. For the best and most current information, please consult WRCC at DRI

The existing meteorological and air quality networks in southern California provide the
background data useful to analysis and modeling of the SCO897-NARSTO study. There are so
many stations that data from nearby sites can be compared for quality control purposes. For -
example, the CIMIS, and the Children’s Health Study-SCAQMD produce meteorological data at
UC Riverside Agricultural Experimenta] station. The SCOS37-NARSTO atlas is recommended"
" as’a resource to guide these types of data comparison, '

3-12
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33  Supplemental Air Quality and Meteoralogical Measurements

* The brief review of supplemental measurements during SCOS97-NARSTO provided
here will allow data analysts and modelers to know what additional air quality and
meteorological parameters were measured at ezch station. As noted before, there is
significant overlap between supplemental ozone, aerosol, and NQy stations. To givea
comprehensive overview, supplemental sites and parameters measured at each site are
provided in Table 1.

Table 1 gacsous measurement columns are: ozone, nitrogen oxide, nitrogen dioxide, total
reactive nitrogen, peroxy acetyl and peroxy propiony] nitrates, perchloro ethylene, methyl
chloroform, nitric acid, nitrate ion, ammonta, carbon monoxide (CQ), total hydrocarbons,
methane (CHy), non-methane hydrocarbons, CO-CHy-carbon dioxide, speciated _
-hydrocarbons with two to eleven carbon atoms, methyl tert-butyl ether, carbonyls, multi-
functional oxygenated hydrocarbons, biogenic hydrocarbons {isoprene and terpenes],
halocarbons, total reactive carbons, polycyclic aromatic hydrocarbons, fraction of
radioactive carbon [fossil vs. newly fixed], and free radicals [OH, O,H, O;R]. Each
measurement entry has detailed information that cannot be presented here. This table is
meant to provide a guide to focus and to direct data analysts’ and modelers’ inquiries.
The particulate matter columns are: aerodynamic diameter size 10 and 2.5 microns and
all sizes. Please note that there is a wealth of important detailed information from the
aerosol program available in section 3.6 of this volume. The radiation colurnns are: total
solar radiation, light scattering, light absorption, ultra viclet radiation, NO; dissociation
light, and relative ultra viclet radiation. More detail can be obtained from individual
investigators at their world wide web sites or through reports when they are available for
public dissemination. An explanation of instrument codes is provided at the end of Table
L. :

The sites in Italic were aeroso! sites that operated for only several weeks. It is important
to note that Table 1 information on the aerosol program is only intended to provide those
interested in particulate matter issues a better understanding of the generalities of
SCOS97-NARSTO. Existing instruments are highlighted in Table 1.

Nitric acid measurements by the Tunable Diode Laser Spectroscopy (TDLAS) were
unique to the Azusa station. The carbonyl intercomparison took place at the Azusa
station. The EPA continuous gas-chromatography and the radio carbon group conducted
their measurements at Azusa. Multi-functional carbonyls and total reactive carbon
measurements are also unique to Azusa. The SCAQMD Azusa station can be considered
the SCOS97-NARSTO supersite.

The supplemental meteorological measurements were added either 10 existing stations or
were added to supplemental ozone, NOvy, and aerosol network sites. These measurements
are neither part of the Routine Network nor include other existing meteorological data
resources. These measurements do not include surface meteorological measurements that
aceompany aloft stations such as radar wind profiler and radio acoustic sounding systems
or sound detection and ranging instruments. Please note that there are many ways to
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describe wind speed and direction; Table 2 just notes availability of wind data in general.
Please also note that the meteorological data from these stations have received more
stringent quality assirance than is usually the case with similar data from the Routine
Network. Table 2 is intended to provide a directory of quality determined surface
meteorological data for analysts and modelers.

These two tables, the SCOS97-NARSTO Atlas and the data management guidelines

communicated to investigators and study participants provide the best starting point for
analysis and modeling of ozone and aerosol episodes. '
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Table 3.3-2
SUPPLEMENTAL SURFACE METEOROLOGICAL MEASUREMENTS

SITE Data Source PARAMETERS
D D Principal TMP |RH [DEW]WS |[WD
- BANN  |[CE-CERT Fitz, Dennis [ M
BARS ~ [MDAGMD Ramirez, B 1/ i FA
| BLKM jSDCAPCD Hossain, M |+ P
CAJB  [AgraVironm Pankratz, T |/ FARN ¥ vy
CAJG |MDAGMD  |[RamiezB |7 7
CALB  [AgroVironm  |Pankratz, D [/ FARR NS "
CATA  [AeroVviranm Parkratz, O [« v PR
CATl  [AsroVironm Pankratz, D |/ 4 7 W
CHIN  |CE-CERT Fitz, Dennis 1v v
CLMS |SDCAPCD Hossain, M [v v v
DIAM  [CECERT Fiiz, Dennis |/ |7
-LAGP  |US Nawy Helvy, R r4 4 4
LANC [ARB-GHS Stover, Cindy [V 7
LELS  [ARB-CHS Stover, Cindy [V 4
LKAR  [ARB-CHS Stover, Cindy [ rd
LOMP  |ARB-CHS Stover, Cindy |V v
MELD ~ [ARB Schreiber, K |« v FaRR~4
PEND |SDCAPGO Hossain, M |/ AR
PMGU  {US Navy Halvy, R 7 r Fd
PTGL  |SBCAPCD Mupny. T |V A 4
PVSP  jAerc\fironm Pankratz, D [/ Fiary Fi
REDM |SDCAPCD Hassain, M [/ 4 4
RIRD _ |Port State GBcion, Bob v~ |7 AR g
RIVC [CE-CERT (i, Demnis | |V
SMPK ~ [SDCAPCD Hossain, M v W
SNIC CE-CERT Fitz, Dennis [+ F4 K4
SOLM  [SDCAPCD Hossain, M [ v v W
TEHP  {CE-GERT Fiz, Dannis |V |v v
TEMC — [SCAQMD Barbosa, 5 |V v 4
UCDC  |CEGERT Fitz, Dennis | v
VCEN  [SDCAPCD Hossain, M [+ Fa
WILS CE-CERT Fitz, Dennis [+ I M 4
WSPR  |SDCAPCD Hossain, M [ M
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3.4  Aleft Meteorological Measurements

The Routine Network in southern California includes meteorological resources aloft such as
tadar wind profilers and radio acoustic sounding systems — SCAQMD stations — Los Angeles
and Ontaric airports; the Ventura CAPCD station - Simi Valley; the San Piego CAPCD stations
—Point Loma and Valley Center. During SCOS97-NARSTQ additional units were added - ARB
stations — the El Monte Airport and the Norton Air Force Base; the NOAA [William Neff]
stations — Alpine Meteorological, Goleta, Los Alamitos, Port Hueneme, Carlsbad, Palmdale, San
Clemente Island Meteorological, Santa Catalina Island Meteorological, Tustin, University of
Southern California Meteorological, and the Van Nuys airport; the NOAA [M.J. Post] stations —
Brown Ficld and E1 Centro; the Radian-STI stations — Barstow Meteorological, Riverside H.G.
Mills Water District, Temecula East Municipal Water District, Thermal Airport, and Hesperia
Oak Hills Center; the U.S. Air Force stations — three sites at Vandenberg Air Force Base.
S5CO897-NARSTO sound detection and ranging instraments included the NOAA [William Neff]
stations — Los Alamitos, Azusa Meteorological, Santa Clarita, and Vandenberg Air Force Base;
San Diego CAPCD station — Warner Springs Meteorological; and U.S. Marines stations — two
sites at 29 Palms. The RWP-RASS and sodar networks are listed in Tables 1 and 2. As it did
before the study, NOAA still operates stations at Goleta and San Clemente Istand.

The thirteen site rawinsonde network included the ARB station — Bakersfield Meteorological; the
Naticnal Weather Service (NWS8) station — Miramar; the military bases — 29 Palms, Edwards Air

Force Base, China Lake, Tustin [El Tore operations moved to Tustin], San Nicolas, Point Mugu, .

North Island Naval Air Station [{aunch station moved to Imperiat Beach], and Vandenberg Air
Force Base, and the CE-CERT stations at UCLA, UC Riverside CE-CERT Facility, and Pomona.
Meteorclogical parameters were available from seven ozonesonde site network from the CE-
CERT stations — Anaheim, California State University at Northridge, Valley Center, Pomona,
UC CE-CERT Facility, University of Southem California Hancock Building; and from the U1.5.
Navy station at Point Mugu. Tables 3 and 4 list the SCOS97-NARSTQ sonde network.
Currently, military and NWS still stations continue their rawinsonde operations as before
SCOS97-NARSTO. :

- Before incorporating such a wealth of meteorological resources aloft, as the SCOS97-NARSTO
provides, into modeling and data analysis, it may be found that data from some platforms at
-some locations would require further scrutiny, - This section discusses collecated rawinsondes
and profilers available to plan data comparisons. AeroVironment group’s report already
discusses methods, issues, and results of the comparison of sodar and profiler data. Both these
types of data comparison are critical in preparing inputs for meteorological models; they are also
critical for the kind of iterative quality control necessary to investigate new meteorological
phenomena and to validate conceptual models of the southern California regional meteorology.

Rawinsonde and radar wind profiler-radio acoustic sounding (RASS) systems data can only be
reasonably compared within the ground-based systems’ radius of influence (Douglas et. al,
1997). Depending on the terrain of the profiler location and with the help of meteorological
modeling resources, these radii can be determined. Data from elements of the rawinsonde
network, close to but not exactly collocated with the profiler and within this radius, may then

. provide data for this type of comparison, '
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- However, certain fundamental issues intrinsic to this type of comparison must be noted. Profiler-

RASS systems produce statistical data. This means that for each elevation bin, each hotirly value
is a representative {e.g., mean or median) of at least five to ten values; these instruments can
produce data at very small fractions of an hour. It may be more important to see how the
rawinsonde data fit within the envelope of these values than how well the average profiler-RASS
data agree with the instantaneous rawinsonde data (Figure 1-2b SAT report)(Douglas ef. al,
1997). _ .

Each platform also has uncertainties related to the different methods of measurement. For
example, RASS uses the speed of sound through the air to measure temperature while
rawinsonde thermistors record changes in the electrical resistance of their active element with
respect to ambient temperature. RWP records a single vertical profile for wind data, while a
rawinsonde reports wind data while it fravels ten to thirty kilometers horizontally as it moves
aloft. Differences between temperature data collectéd by nearly collocated rawinsonde, aireraft,
and RWP-RASS instruments, available for August I and 4, 1992, at Hesperia (Figure 1-10a SAT
report), illustrated the limits of interpreting these comparisons (Douglas et. al, 1997). The
comparison indicated that the difference between the RASS and rawinsonde (located some
distance away) data are no larger than those between aircraft and rawinsonde data. Apparently,
differences in measurement technique as well as differences in location contributed to the
difference between the data. It is important to understand the limits these factors impose on
interpreting this type of data comparison.

To prepare data comparison plans, Table 5 provides  list of collocated meteorological aloft
resources during SCOS97-NARSTO. Please note that ozonesondes only provided temperature
and relative humidity data. Please also note that when the sites are close but not exactly
collocated, the comparison couples are i italics. At Hesperia, the relative humidity Hdar may
have temperature and wind data which can be compared to the profiler-RASS data. At the El
Monte airport, this type of comparison is restricted to the study kick-off celebration day.
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Table 3.4.5

SCOS9T-NARSTO COLLOCATED METEQOROLOGICAL RESCURCES ALOFT

Data Source Data Comparisen Site Information
Agency Contact Gouple Site Description Site 1D Platfermn
CE-CERT Kurl Bumilles 1 {Upland to) Pomona ULDS to POMA, [rawinsonde-
. . ozonesonde

U.S. Marines  [N. Helgesan 2 29-Paims Exped. Air Field 29PA SO0DAR

U.S. Marnes  |W. Helgeson 2 25-Pams Sand Hils 23PB & 29PC [SODAR-rawinsondes
NOAA Bill Netf 3 Central Los Angelas - USC JUSCZ RWPIRASS
CE-CERT Kurt Bumniller 3 Univ. of So. Calif. uscz ozonesonde
ARB-MLD Reggie Smith 4 El Mante Airport Ei RWP/RASS
CE-CERT Kurd Bumiller 4 El Mante Airpart EMAPR rawinsonde for kick-aff
SDCAFPGD Jean Timmerman 5 Escondide-VabeyCtr ESCM RWP/RASS
CE-CERT Kurt Bumiller [ Escondide-VaileyCtr VCNO d

U.5. Navy Roger Helvey 6 Point Mugu PMGU rawinsonde-ozoneson
[Radian George Fredernick 7 Riverside-HJMills W.0. RIHM IWRASS
CE-CERT Kuri Bumiller T Riversitle-CE-CERT Facility [RIRD ] lrawinsnnde

NOAA [Bil Nef B Tustin TUST RWF/RASS

U.S. Navy Roger Helvey 8 Tustin TUSR rawinsondg

.S Air Force {Chris Crosiar k] Vanhdenburg AFB VBG RWP/RASS-SODAR
U.S. Air Foree |Chiis Crasiar g Vandenburg AFG VEG rawmsOndE

NOAA Bili Neff 10 Van Nuys Alrport VNUY RWPRASS
CE-CERT Kurt Burniiler 16 CEU Northridge CSUN ozanesonde

NOAA 8ilf Neff 11 San Clemeride island SCLM RWP/RASS

NOAA Roger Halvey 11 San Nicolas Istend SNIC rawinsonda

NOAA Bill Neff 11 Sanla Calalina Isfand CATM RWP/RASS

4.5 Navy Roger Haivey 71 Weather ARcat rawinsondss

Radian George Fredenck 12 Hesperia-Oak Hilis Water  JHESO RWA/RASS

Penn State Philbrick, C. R. - 72 " |Hesparia-Dak Hills Water  (HESL Refafive Humidity Lidar
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3.5 Air Quality Measurements Aloft

Characteristically, air poliution monitoring sites are located 3 - 10 meters above ground
level in urban areas where the health impacts of air pellution are of greatest concern. However,
to understand the formation and distribution of ozone on a regional scale, additional monitoring
is needed in areas where the recirculation and transport of ozone and ozone chemical precursors
may occut. This is especially important aloft, where the formation and distribution of ozone
concentrations measured during previous studies in southern California are understood
inadequately.

To better understand the vertical distribution of ozone on a regional scale, the SCOS97-
NARSTQ provided for an expanded network for air quality measurements aloft. These
measurements aloft were made using six instrumented aircrafi, seven ozonesonde release sites,
and two ground-based lidars. The design of this network and the expected uses of these data are
described below.

Data on air quality aloft were obtained during SCOS97-NARSTO by means of
ozonesonde releases at seven sites, six aircraft, and two lidars. In addition, some supplemental
surface monitoring sites were located on isolated peaks and a tall building to provide additional
information related to air quality conditions aloft. These additional measurements provide
ctitical detailed information pertinent to running and validating air quality models because the
models can have difficulty simulating the observed vertical distributions of pollutants.

Because previous modeling efforts underestimated the amount of ozone in the central
basin where ozone concentrations tend to be highest, the El Monte Ajrport, near the center of the
basin, was established as the hub site for enhanced monitering of conditions alofi. A 915-MHZ,
radar wind profiling system (RWP), operating throughout the June 16 through October 15 study
period, and an ozone lidar, operating nearly continuously during the intensive periods, recorded
data on the dynarnics of ozone and meteorological conditions with height and time. Primarily on
10P days, these data were supplemented by measurements of ozone, oxides of nitrogen,
temperature, humidity, and particles on up to nine aircrafi spirals during daylight hours.

Previous studies demonstrated the complexity of air circulation offshore southern
California and the importance of adequately charactetizing the meteorological and air quality
conditions there (e.g., Main et af,, 1990; Main et al.,, 1991; Lehrman ef al., 1997). Air quality
and meteorological monitoring offshore were greatly enhanced for the SCOS97-NARSTO;
measurements were made aloft at several of these locations. During the IOPs, an instrumented
aircraft (typically making moming and afternoon flights) provided additional, detailed data on
conditions in the Southem Califomia Bight during over-water sampling in an elliptical path
encompassing the istands. On occasion, a second aireraft mapped the distribution of ozone
concentrations inside the northeast quarter of the ellipse by sampling over the ocean west and
southwest of Santa Monica Bay.

Lidar

Past air quality medeling applications have tended to underestimate ozone concentrations i

in the central portion of the air basin (typically, the region where ozone concentrations are
highest). The primary objective of the ozone lidar in El Monte was to provide a continuous
record of the development of ozone concentrations in this area. The lidar was located at the E]

3-43

2006/P373-A02



Monte Airport (see Figure [). Qzone concentrations were monitored at ground level with a
traditional ozone monitor and up to three kilometers with the differential absorption lidar (DIAL)
using 266 nm as the on-line wavelenpth and 289 nm as the off-line wavelength. This Lidar (Zhao
et al., 1994) has a larger range than other lidars because the laser energy is allocated among
multiple parallel beams. The lidar’s range resolution decreases from about 75 m at the bottom of
the profile ( 150 m) to about 250 m near the top of the profile. The lidar also has a two-
dimensional scanning capability in a vertical plane (NW to SE, perpendicular to the typical

airflow in the region). These lidar data will be useful for 1) better understanding the dynamics of

ozone formation in this area, 2) validating the performance aloft of modeling exercises, and 3)
better quantifying ozone {luxes in the San Gabriel Valley. '

Under the California Clean Air Act (Health and Safety Code, Section 39610) the
transport of ozone (and ozone precursors) from one air basin to another is to be considered when
evaluating the emission controls that might be necessary to bring an area into compliance with
the California ambient air quality standard for ozone (1-hour average not to exceed 9 pphm).

The upwind and receptot regions must control theit emissions in a manner commensurate with
their contribution to the ozone problem. With ozone concentrations in the SoCAB frequently
violating the state and national ambient air quality standards and air typically flowing out of the
SoCARB into neighboring air basins, quantification of ozone transport is a major concern. One of
the major routes for airflow into the Mojave Desert is through Cajon Pass.

A lidar based on Raman shifts was positioned north of the Cajon Pass (see Figure 1} for a
month beginning in late August. This lidar (Philbrick er al,, 1996) can measure water vapor,
temperature, and aerosol scatter in addition to ozone. The temporal resolution of the water vapor
and optical extinction profiles is about ane minute while the temparal resolution for the ozone -
and temperature profiles is about half an hour, The water vapor data are obtained from the
vibrational Raman scatter at 532 and 266 nm. The temperature data are obtained from the
rotational Raman profiles of molecularnitrogen and oxygen. The optical extinction data are
obtained from the gradients in the molecular nitrogen vibrational Raman profile. The ozone
profiles are obtained from a DIAL analysis of the Raman shifted scatter of molecular nitrogen
(285 nm) and molecular oxygen (276 nm). This lidar, because of its metcorological and ozone
applications, will prove useful in understanding the meteorological dynamics influencing ozone
transport. . -

Ozonesondes

Seven sites for releasing ozonesondes were established for the field study (see Figure 1).
In principle, these sites coliected data (by the potassium iodide method) on the vertical
distribution of oxidant concentrations on a perimeter around the hub site at El Monte AP where
the lidar provided nearly continuous ozone measurements during IOPs. Ozonesondes were
- released four times per day during IOPs. The release times were nominally 0200, 0800, 1400,
and 2000 Pacific Daylight Time. The release times were offset from the rawinsonde releases (at
13 sites) by three hours to minimize the chances of signal interferences. In addition, the
transmission frequencies of the ozonesondes (and their receivers) were modified in increments of
2 MHZ (between 400 and 406 MHZ) to reduce the possibility of a receiver locking onto the
signal of another sonde if one were to drift into the vicinity of the receiver. The ozonesonde
release sites were Pt. Mugu in Ventura County, California State University - Northridge (San
Fernando Valley) and the University of Southern California in Los Angeles County, Anaheim in
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Orange County, Pomona near the county line between Los Angeles and San Bernardino, the
University of California-Riverside in Riverside County, and Valley Center in San Diego County.

Adrcraft

Instrumented aircraft provided additional, detatled data on conditions aloft in the stdy
domain, during IOPs and on some occasions the day before or after an 1OP. Four aircraft were
dedicated to the study and fiew during the IOPs. Another airceaft, dedicated to mapping the
distribution of ozone off the coast from Santa Monica Bay, was available to participate on about
balf of the IOPs. The sixth aircraft was dedicated to the acrosol component of SCOS97-
NARSTO and flew on many days between late. August and late September to characterize the 3-
dimensional distribution of acrosols, This aircraft was equipped with an ozone analyzer and
provided additional information on the relationships between particles and ozone, In general,
each plane made moming and afternoon flights. Downward spirals were generally flown for
characterizing the vertical distribution of poliutants. VOC and carbonyl samples were collected
in altitude ranges not likely to include different air masses. Typlcal flight paths are portrayed in
Figures 2 through 4.

The aircraft flights provided critical measurements of conditions aloft where carryaver
and transport of polluted air masses could significantly influence the performance of the moded
apd influence pollutant concentrations at ground level, It is important that the air quality modei
application accurately simulate the ground level observations for the correct reasons. The over
water flights are particularly critical to the success of the future modeling exercises because the
upwind boundary conditions (i.e., the air quality flowing into the modeling domain). Ideatly, the
air quality should be "clean™ of anthropogenic influences at the upwind boundary of the
modeling domain. In southern California, the upwind boundary is generaily the western
boundary. Various measurement and modeling studies {e.g., Main er al., 1990; Main et al,
1991; Lehrman ¢/ al,, 1997; Edinger, 1973; Smith ¢f al.,, 1976; Johnson er al., 1980; McElroy et
al, 1993; Lu et al., 1996} have indicated that air circulations over southern California and the
Southem California Bight are complex and that evidence of anthropogenic activity can routinely
be found far offshore of the South Coast Air Basin.

Characterization of the air quality offshore is limited by cost, aireraft capabilities, safety,
and even national security. The Southern California Bight includes test and exercise ranges for
the U.S. military; when active, these military areas are off-limit to flight operations.

_ The primary objective of the Navajo was to make the ozone, NOy, and VOC

measurements on the western boundary of the modeling domain and offshore. This aircraft was
based out of Montgomery Field in San Diego County. The 4*-hour flight would take generally
take a clockwise elliptical route around the istands {i.e., south of San Clemente Island, south and
west of San Nicolas Island, west, north, and east of the Channe! Islands (San Miguel, Santa Rosa,
Santa Cruz, and Anacapa Islands), and east of Santa Catalina Island} before retuming to
Montgomery Field (see Figure 2). Modifications to the flight plan were made during the study to
reduce the duration of the flight to ensure adequate fuel reserves and to avoid military airspace
when training areas were “hot". Spirals were made near San Clemente Island, San Nicolas

Island, Pt. Conception, and Santa Catalina Island. VOC samples were collected below 500 feet -

MSL. near San Clemente Is{and, below 500 feet and between 4500 and 6000 feet near San
Nicolas Island, between 4500 and 6000 feet near San Miguel Island, and betow 500 feet near .

Santa Catalina Island.
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The primary objective of the Aztec was to provide data on conditions in the northern
portion of the study domain (see Figure 2). These data are particularly important for establishing
the initial conditions but also for characterizing boundary conditions under scenarios such as the
Type 5 Episode where the northern: boundary becomes the upwind boundary for the study
domain. Typically, the Aztec would fly the northern leg of its flight plan (i.e., through the
Mojave Desert) in the moming of the first day of an IOP (to charactetize initial conditions) and
retumn to its base airport in Camarilla in the aftemoon by flying through the SoCAB (to
characterize the vertical structure of ozone and oxides of nitrogen during the build-up day of the
ozone episode). On the remaining days of an IOP, the flight path was reversed with a flight
through the SoCAB in the moming (to identify carryover from the previous day) and a flight
through the Mojave Desert in the afternoon (to identify any afternoon transport). Spirals
{(generally over airports) to clearly characterize the vertical distribution of pollutants were made
(depending on the flight path} at Camarillo and Simi Valley in Ventura County; Rosamond,
Hesperia, and Yucca Valley in the Mojave Desert; Santa Monica Bay (near Malibu), VanNuys,
and El Monte in Los Angeles County; Ontario and Rialto in San Bernardino County; and
Banning and Riverside in Riverside County. The Aztec generally collected a total of eight VOC
and carbonyl samples each day of an [OP. The Aztec also served as a back-up for the Navajo on,
the western boundary route.

The primary objective of the Cessnia 182 operating in the SoCAB was to provide data on
conditions in the central portion of the basin (see Figure 3). Two to three flights were flown per
day from the base airport at El Monte to Burbank Airport to Cable Airport (near Fontana in San
Bernardinoe County), to Fullertor: Airport (in Orange County), and back to El Monte Airport with
spirals being flown at each location. The two spirals per flight at the El Monte AP provided
*calibration checks" on the performance of the ozone lidar located there, Two VOC and

carbonyl samples were collected per flight: one at El Monte AP between 1600 and 2600 feet and -

one at Azusa, also between 1600 and 2600 feet.

The primary objective of the Cessna 182 operating in San Diego County was to provide
data on conditions in the southern portion of the study area and to identify any overland transport
of ozone into San Diego County from the SoCAB (see Figure 3). The typical flight plan for this
aireraft took it from its base at Montgomery Field to Alpine to Valley Center to Temecula, to
Pine Mountain Camp to Warner Springs to Lake Henshaw to offshore of Oceanside to offshore
Encinitas io Lake Hodges to Gillespie Field to Monigomery Field. Spirals were performed at
Alpine, Valley Center, Temecula, Pine Mountain Camp, and Oceanside. Four VOC and thee
carbonyl samples were generally collected per flight.

The primary objective of the Partnavia was to map the 3-dimensional distribution of -
ozone concentrations and the horizontal extent of any ozone layers encountered off the coast of
" Ventura and Los Angeles Counties (see Figure 3). This aircraft was based at the Oxnard AP and
‘was only available if other groups had not already reserved it, The flight route was primarily
inside the northieast quarter of the ellipse defined around the islands by the flight path of the
westemn boundary aircrafi {i.e., the Partnavia mapped ozone concentrations over the ocean west
and southwest of Santa Monica Bay).

The primary objective of the Pelican (a single-engine pusher type of aircraft) was to map
the 3-dimensional distribution of aerosols in the SoCAB (see Figure 4), This aircraft was also
based at the El Monte AP. The plane contained three different types of aerosol analyzers and
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. could generate detailed information on the size distributions of aerosols (between 0.005 and 47
microns). A secondary objective of the Pelican was to monitor ozone concentrations as it
conducted its aerosol experiments,

Intercomparisons of air quality aloft measurements were made during SCOS97-NARSTO
to evaluate the comparability of data from different platforms. The purpose of the
intercomparisons was to identify and accurately quantify biases within (e.g., hysteresis in aircraft
measurements) and between platforms. The University of California (Davis) aircraft served as a
common link in the intercomparisons. The intercomparisens were scheduled so as not to
interfere with activities during. JOPs. Consequently, ozone concentrations during the
Intercomparisans generally were not as high as the sponsors desired.
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3.6 Aerosol and Radiation Measurements

As discussed in section 2.3.2, ambient sampling was conducted at sites along two trajectories in
the SoCAB (see Figure 3.6-1). To characterize the generation and evolution of urban aerosols,
three sites [Los Angeles-North Main, Azusa, and the University of California at Riverside
(UCR)] were selected along a trajectory from the emissions-rich central Los Angeles area,
through the severely ozone-impacted San Gabriel Valley, and downwind to Riverside, the

" highest PM2.5 site in the SoCAB and perhaps the U.S. To characterize nitrate dynamics,
measurements were made downwind of the most heavily populated portions of the Los Angeles
coastal plain in Diamond Bar, immediately downwind of the ammonia-emitting dairy farms of
the Chino Basin in Mira Loma, and further downwind in Riverside. To characterize the spatial
and temporal variations in radiative quantities and photolytic rates attributable to scaftering and
absorption by aerosols, measurements were made at the surface in Riverside and above the mixed
layer on Mt. Wilson (1725 m). The Riverside measurements were made at three sites on the
University of California campus {Agricultural Operations (AgOps) monitoring station, College
of Engineering-Center for Environmental Research and Technology (CE-CERT) reoftop, and
Pieree Hall rooftop] within two miles of each other. The UCR sites were subject to
approximately the same airmass, as verified with simultaneous ATOFMS measurements from
June 29 to July 5, 1997.

Aircraft sampling over a wider area characterized vertical variations and the spatial extent of
aerosol characteristics and irradiance observed along the trajectory. The flight paths are shown
in Figures 3.6-1 and 3.6-2. To develop size distributions and composition profiles of fine
particles emitted by gasoline- and diesel-fueled vehicles, measurements were made in the
Caldecott Tunnel in northern California in November 1997. Table 3.6-1 lists all the participating
measurement groups and Tables 3.672 through 3.6-4 contain a full listing of all the measurements

collected.
Trajectory Study Measurements

Trajectory study collected continuous aerosol size distribution and composition data.
simultaneously at three sites (see Table 3.6-2). U.C. Riverside measured real-time single particle
size and chemical composition by Aerosol Time-of-Flight Mass Spectrometry (ATOFMS).

The new ATOFMS measurement technology permits sampling and experimentation (i.e., real-
time measurement of the size and chemical composition of individual aerosol particles) that was
previously prohibitively expensive or too time-consuming to be practical. ATOFMS can
measure the aerodynamic size and chemical composition of up to 600 individual atmospheric
particles per minute (50-100 under typical ambient conditions). These instruments permit direct
observation of changes in ambient acrosols due to processes such as coagulation, condensation,
evaporation, and heterogeneous gas/particle chemical reactions. Both the organic and inorganic
content of individual acrosol particles can be determined. ATOFMS can be used to directly
measure size and composition correlations for different particle sources, and to monitor particle
transport and transformations. The ATOFMS measurements provide a wealth of data that will be
used in development of source signatures for various PM sources, analysis of the temporal
variation in aerosols at Riverside , and studies of aerosel chemistry in ambient air.
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Aerosol Dynamics Inc. (ADI) condueted automated nitrate measurements at the Riverside
Agricultural Station in August and at Mira Loma in September. Data were collected with 10
minutes time resolution over the entire measurement period. The analysis step took an additional
minute, yielding 5 nitrate measurements per hour.

The ADI particle nitrate monitor provides automatic measurements using an integrated collection
and vaparization cell. It has two modes of operation: sampling and analysis. In the sampling
mode the sampled airstream passes through an itnpactor to remove particles above 2.5 um, a
denuder to remove interfering gaseous species and a humidifier to enhance patticle collections.
The particles in the airstream are then deposited by impaction onto a metal strip housed in the
collection and vaporization cell. In the analysis mode the sample air flow is stopped. A carrier
gas is introduced into the collection and vaporization cell and passes through the cell into the gas
analyzer. The metal strip on which the particles have been deposited, located inside the cell, is
rapidly heated by capacitor discharge. The heating process is less than a second. The deposited
particles are vaporized and the evolved species are carried to a gas-phase analyzer for
quantitstion. By selection of the carrier gas and the amount of heating, a selected constituent of
the deposited particles is converted to a gas-phase species that can be quantitated by a standard
commercial analyzer. For autornated nitrate analysis, particulate nitrate can be converted to
nitrogen oxides, which can be analyzed by chemfuminescence using a molybdenum converter,
Ambient air is sampled at a flow rate of 1 liter per minute, '

At each sampling site California Institute of Technology {Caltech) operated PM10 and fine

- patticle filter samplers, two micro-orifice impactors (MOI), an electrical aerosol analyzer (EAA),

an optical particle counter (OCP), and the data acquisition computer used for EAA and OPC. All
sampling were in parallel with ATOFMS. The electrical analyzers were TSI (Minneapolis, MN)}
Model 3030 modified for increased sensitivity. The aptica] particle counter was Particle
measuring Systems (Boulder, CO) Mode! ASASP-X 32 channel units.

Data from these electronic particle size monitors are currently being integrated for comparison
with the mass distributions measured by impaction and the ATOFMS particle counting data,
Real-time data from the OPCs and EAAs will be used to confirm the aerosol measurements of
the MOI samples and the ATOFMS data, The filter-based samples were operated on the same 5-
sample per day schedule (i.c., from 1 am to 6 am, 6:20 to 10 am, 10;20 am to 2 pn1, 220 pmto 6
pm, and 6:20 pm to 1 am). The electronic samplers collected data continuously.

The filter samples are being analyzed to determine particle mass (PM10 and PM2.5), bulk
compasition (elemental carbon and organic carbon), and inorganic species concentrations
(sulfates, nitrates, ammonium, chloride, and trace metals). In addition, denuder difference
samples are undergoing analysis for nitric acid, and stacked filter samples for gas-phase
ammonia. Two 48-hour average filter samples run in paralle] collected enough particulate matter
for quantification of trace organic species by gas chromatography/mass spectrometry {GC/MS).
The fine particle samples are being analyzed for at least the approximately 50 organic
compounds used for the source apportionment method developed at Caltech. The impactor

" samples are being analyzed to determine particle mass, bulk composition (elemental carbon and
organic carbon), and inorganic species concentrations (sulfates, nitrates, ammonium, chloride,
and trace metals) of the fine acrosol segregated into size fractions.

3-49

2006/P373-A02



2006/P373-A02

The College of Engineering-Center for Environmental Research and Technology (CE-CERT) at
the University-of California, Riverside, collected data on the concentrations of atmospheric
nitrogenous species (NOy) which includes all species (e.g., nitrogen dioxide, peroxyacetyl nitrate
[PAN], peroxypropy! nitrate [PPN], particulate nitrate, nitric acid, and nitrous acid). '

At one site, Azusa, nitrc acid and nitrogen dioxide were measured during ozone Intensive
Operating Periods with a tunable diede laser absorption spectrometer (TDLAS). At Mira Loma
ammonia was measured with & long-path Fourier transform infrared spectrometer (FT-IR) for
two weeks, in early September. Denuder diffusion samples were also coliected at these two sites
over three hour intervals (from 10 am to 7 pm) to quantify nitric acid and ammonia. UC
Riverside also collected PUF filters for PAHs and methylnitronapthalenes at all three sites for the
first episode in August only. ARB collected 24-hour California Acid Deposition Program
(CADMP) PM2.5 samples (mass and sulfate, nitrate, ammonium, chloride, sodium, potassium,
caleium, and magnesium) at Los Anpeies-North Main and Azusa for the two PM episodes in
August.

Tunnel Study Measurements

The Caldecott Tunnel east of Qakland is uniquely configured with a center bore.only open to
passenger vehicles and side bores where trucks are shunted. Thus, the particulate matter
concentrations in the center bore are dominated by light-duty gasoline vehicles, and the aerosol
burden in the side bores are primarily due to emissions from heavy-duty diesel trucks. During
the period November 17 through 21, four experiments were conducted with the ATOFMS and
the Clatech’s PM 10 and fine particle filter samplers, two micro-orifice impactors, an clectrical
aerosol analyzer, an-optical particle counter samplers (described above). To aid in data analysis
and a carbon balance, the gas-phase precursors (i.e., CO, COo, speciated hydrocarbons, speciated
carbonyl compounds, semi-volatile organic species) were sampled. An aerosol lidar was
operated outside the tunnel. Data were also collected on fleet characteristics (e.g., count, speed,
axles) 1o help in interpreting the results.

" Fine Particle Measurement Study

The EPRI-sponsored Fine Particle Measurement Study was conducted at Riverside-AgOps from
August 16 to September 22, 1997 (see Table 3.6-2 for a list of acrosol monitoring instraments).
Both continuous and 24-hour-avetage samplers were deployed for the study, with duplicate
side-by-side samplers installed when possible. Daily sample changes were made at 10:00 am.
Pacific Daylight Time (PDT). The continuous aerosol nitrate monitor was operated at
Riverside-ApQps during the first two weeks, after which time it was moved to the Mira Loma
site. Other instruments were operated for the duration of the study.

Harvard University collected 24-hr samples by Harvard/EPA Annular Denuder System
(HEADS), modified HEADS for inorganic ions, denuded filters for arganic and elemental
carbon, Harvard impactors for PM10 and PM2.5 mass, and FRM sampler for PM2.5 mass.
Brigham Young University collected 24-hour samples for organics using their BOSS and
BIG-BOSS systems, and for inorganic species using URG annular denuders and the R&P
Chemspec automated denuder system. Real time instruments for particle mass included Harvard
CAMMS, TEOM, and modified TEQM for PM2.5. Other real-time instruments were an
acthelometer, ambient temperature nephelometer, ultraviolet wavelength particle absorption
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spectrometer, and, for the first two weeks, the ADI automated niteate system. The same
measurements were be made each day, with sample changes at 0600 PDT.
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Experiments

1. Measure total fine particle mass by a single filter-based method (similar in principle to the
FRM). This was coordinated with EPA to obtain their FRM data for comparison {Harvard
Impactes).

2.  Measure air concentration of total fine parncle mass in site by a continuous method where
the loss of labile substances is minimal {Continuous Ambient Mass Monitor System:
CAMMS).

3. Measure air concentrations of major ions and elements in gaseous and particulate form (with
emphasis on gasecus nitrate and ammonia) as well as the amount of these substances which
evaporate from filters during sampling using denuder-based sampling methods (HEADS).

4,  Measure air concentrations of fine particulate organic and elemental carbon (OC and EC)
including the amount of particulate organic material that evaporates from the filters during
sampling using denuder-based sampling methods (Brigham Young Organic Sampling
Systems: PC BOSS/BIG BOSS).

5. Measure particulate nitrate concentrations continuously in the field using a rescarch—gradc
continuous analyzer (Aerosol Dynamics, Inc. Automated Particle Nitrate Monitor).

6. Quantify the evaporation of labile and volatile species from filters as a function of starage
time, temperature, relative humidity and other factors using laboratory generated submicron
particles containing ammonium nitrate and specific volatile orgamc compounds {e.g.,
glutaric acid).

The difference between Items 1 and 2 will characterize the magnitude of the error due to the loss
of labile substances and [ters 3 and 4 will enable quantitative explanations for this error, To
characterize the precision of the observations and to deal with unplanned ghtches in the field,
each observable was measured via redundant multiple samplers.

Item 5 provides higher time resclution nitrate data (continuous 5- to 10-minute averages) as
compared to the 12-hour nitrate data in Item 3. Such data are valuable in relating air
concentrations to fluctuating meteorology, especially in urban areas such as Los Angcles, where
nitrate concentrations are high and their contribution to fine PM is large.

Item 6 will provide the most direct and definitive proof that specific compounds evaporate from
filters during the course of sampling and before ¢hemical analysis.

“The team was led by Professor Petros Koutrakis of Harvard School of Public Health (HSPH)
(items 1,2, 3 and 6). Other experimenters were Prof. Delbert Eatough of Brigham Young
University (BYU) (Item 4) and Dr, Susanne Hering of Aerosol Dynamics, Inc. (ADI) (Item 5),

Dr. Pradeep Saxena of EPRI is the Principal Investigator for planning and synthesis across all
aspects of the study and in that role will contribute to writing of the results in policy-relevant
form.

Riverside-AgOps was one of severzal, approximately ﬁve-weelc—long field sampling campaigns
cenducted at urban locations throughout the country during 1996 to 1998 as part of the EPRI
study. These “snap shot™ measurements in Birmingham, Boston, Riverside, Chicago, Dallas,
Phoenix, and Bakersfield were designed to give an indication of the geographical and seasonal
variability of the PM2.5 mass and composition. Comparison of mass and chemical data from
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continuous samplers (where loss of labile substances is believed miniraal) with data from the
more conventional filter-based methods (where losses may oceur during or after sampling) will
begin to characterize the magnitude of measurement error due to loss of labile substances.
Another component of the study is evaluation of sampling methods in the laboratory, with tests
aimed at understanding instrument precision, accuracy, and interferences or other limitations,

The results of this multi-site/laboratory study will provide direct information on the magnitude of
the loss of specific compounds and help guide the direction of future measurement research.

PM2.5 Federal Reference Method Nitrate Loss Measurements

The PM2.5 FRM Nitrate Loss Study was conducted in conjunction with the Trajectory Study.
Two FRM samplers were operated side by side at each of the three Trajectory Study sites for the
first four experiments. : ’

In the December 1996 Federal Register, the Environmental Protection Agency states the design
the design specifications for the proposed PM2.5 reference sampler. Protatype instruments have
been constructed to these specifications by Graseby (Sumyena, Georgia). These sarnplers contairi
a dickot inlet, a PM2.5 impactor with an oiled filter collection substrate, followed by a 47-mm
Teflon filter. The FRM sampler is under positive flow control, i.c., using a small dry test meter
to continuously monitor the flow volume, with a feed-back circuit to regulate the pumping speed.
The sampler also has a fan to maintain the sampling chamber to within a few degrees of ambient
temperature during sampling. All flow and temperature data are logged every five minutes
during sampling period. :

Daily sample changes were made at 1:00 am. PDT. At each site, one FRM unit collected
particles on a Teflon filter and a second on a Teflon-nylon filter pack. Both types of filter packs
were analyzed by ion chromatography. These results and those from collocated routine and
research PM2.5 samplers will be used to quantify aerosol nitrate losses for the FRM.

Solar Radiation Measurements
The objectives of making radiation measurements, listed here in priority order, were to.

~®  Measure solar radiation and aeroso] size, composition, and concentration and use the results
to improve radiative transfer models suitable for caleulation of spectrally resolved actinic
flux. :

*» Compare diffuse and total irradiance observations from different types of broad band and
spectrally resolved radiemeters, and assess their utility for providing inputs for radiative
transfer models or photochemical models.

+ Provide observations if possible to help infer spatially resolved estimates of photolytic rates
for an ozone episode of interest for the SCOS97-NARSTO domain. '

The Radiation study built upon the extensive surface measurements of aerosol size, composition,
and concentration detailed in Table 3.6-2 and the detailed characterization of asrosol size
distributions aloft provided by the Pelican aircraft {described in the following section). With this
foundation and in-kind services from several universities and agencies, relatively modest
additional resources were required to collect a data set sufficient to examine interactions between
‘acrosols and solar radiation.
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Measurements of aerosols and of spectral and broad band irradiance were made, using identicat
or similar instruments, at two locations, the College of Enginecring Center for Environmental
Research and Technology (CE-CERT) in Riverside and at Mt. Wilson. Table 3.6-3 lists the
instrumentation added specifically for the Radiation Study. Because Mt. Wilson was generally
above the polluted mixed layer, the two sites provided contrasts in PM2.5, ozone, and trace gas
concentrations and in the direct and diffuse solar radiation. Vertical profiles and horizontal
distribution of aerosol size and concentration and of solar radiation were also provided by flights
of the CIRPAS (Pelican) aircrafl, described in the following section. Results from several key
instruments listed in Table 3.6-3 will also be used to analyze the radiation results.

Temporal variation of the aeroso] burden was observed by TEOM and ATOFMS at Rivetside
AO site, and by nephelometer and zetholometer at Riverside CE-CERT. Filter-based PM2.5
measurements were also made in Riverside. Video cameras recorded sky conditions at CE-
CERT and Mt. Wilson.

Spectral irradiance was continuously observed at both sites using two different instruments,
Brewer spectral radiometers operated at both sites by the University of Georgia and CE-CERT,
and the Yankee ultraviolet multi-filter rotating shadowband radiometer (UVMFR]), operated by
the National Renewable Energy Laboratory from Colorado State University.

Broadband (total and diffuse) irradiance was continuously observed by CE-CERT at each site
using pairs of duplicate radiometers (Eppley UV, Eppley PSP, and Eppley 8-48), operated both
with and without shadowbands. These radiometers were chosen to match radiometers in
widespread use in existing networks throughout southern California. For quality assurance
purposes these radiometers were intercompared at Riverside prior to installation at Mt. Wilson.
Radiometers from this group were also compared with the radiometers on the STI Aztec and the
CIRPAS Pelican.

“Radiation intensive” days were selected for cloud free conditions, to coincide with episodes of
_ozone or PM, or to take advantage of special aircraft- and ground-based observations of aerosol

size distributions and chemistry. These days included perieds of light and heavy aeroso! burden.

On these days, CE-CERT operated an NO; actinometer to measure the photolytic rate for NO»

and a LI-COR 1800 spectral radiometer with intermittent manual shadmg to measure spectrally
resolved total and diffuse irradiance. :

Intensives on August 27-28, September 4-6, 10, 12 were supported by the CIRPAS aircraft. By
making spirals near CE-CERT and Mt. Wilson, the airerafl provided vertical profiles of
irradiance and aerosol size and concentration for testing and improvement of models of radiative
transfer. Intensive radiation measurements were also made on August 21-23 and October 30-
November 1, but without the CIRPAS aircraft. An additional aircraft which flew during ozone
IOPs did not measure aerosals, but did measure solar irradiance (Eppley PSP).

Aerosol Aircraft Measurements
For aerosol and radiation measurements aloft (see Table 3.6-4), the Pelican aircraft was operated
by the Center for Interdisciplinary Remotely-Piloted Aircraft Studies (CIRPAS), a consortium of

the Office of Naval Research, the Naval Postgraduate School, the California Institute of
Technology, and Princeton University. Between August 27 and September 13, CIRPAS obtained



measurements of the concentrations and size distributions of particulate matter and its constituent
chemical species. The Pelican is 2 modified Cessna 337 Skymaster that has been reconfigured as
a single engine pusher to atlow sampling of unperturbed air from the front of the aircraft. With a
standard payload of 330 Ibs (150 kg) in an unobstructed nose cone, the Pelican can currenily be
operated in conventional on-board pilot mode. Wing hard points have been added to provide
mounting pads for externally mounted payload pods or probes. Missions of approximately eight
hours can be flown with on-board pilots flying over high population areas. During missions,
real-time ground station access to scientific data and flight information from the Pelican is
avatlable via satellite data link. The airplane has 2 43 ft wingspan and is 37 ft in length. The
aircraft was housed at El Monte Airport in a hanger leased by Caitech.

The Pelican was designed to have the following capabilities:

Optional piloting, i.e., conventional or as a remotely piloted aircraft (RPA)
Exndurance of up to 24 hours of RPA operations and 8 hours for onboard-piloted missions
Range of 2500 km

Mission eltitude ranging from 20-4000 m

Loiter speed as low as 40 m/s

kg payload for 24-hour missions - 500 kg for 2-hour missions

Fuselage nose volume of 1 m’

Main cabin payload volume (for on-board piloted missions) of 0.33 m®

Standard wing mounts for interchangeable pylon-mounted payloads at 50 kg each
Palletized instrument capability

Payload power=1 kW at 28 vV )

Sateliite interactive communications for over-the-horizon operations

Aerosol size distributions in the range from 0.005 to 10 um diameter were measured by an array
of three insiruments (RCAD, PCAS-100XP, and FSSP-3 00) with approximately 1-minute time
resolution. PM2.5 particles were sampled using three parallel sampling trains that provided
PM2.5 mass, elemental carbon, organic carbon, sulfates, titrates, ammonium, chloride, and trace
elements. Filter sampling for acrosol composition was performed on a 1-hour sampling duration.
Far a typical 8-hour flight mission, this allowed for about 7 to 8 series of filter samples per
mission. The aircraft was also instrumented to monitor 507 and broadband solar and uv
irradiance.
Flight Plans: Due to differences in the time resolutions of continuous and filter-based

- measurements, the Pelican flew two types of paths with different sampling objectives. The
primary flight path (Figure 3.6-1} was designed to observe the three-dimensional evolution of
aerosol size and concentration along the same west-to-east path as the first set of Trajectory

* Stedy experiments. This flight path consisted of spirals and traverses, and was designed to make

use of continuous size and concentration measurements, A secondary flight path (Figure 3.6-2)

was chosen 1o investigate nitrate dynamics aloft along the Trajectory Study path from Diamond

Bar through the ammonia source area in the Chino Valley dairy district and on to the nitrate-rich

aerosol found at Riverside. This path included traverses and constant altitude orbits to match the

® & 2 2 0 0 8 & 8 9 e

1-hour sampling time for filter-based sampling that provides information on aerosol composition. |

For spiral and traverse flight paths, a typical flight took 4 hours. Two flights per day were
performed, with the morning flight starting at about 06:00 Pacific Daylight Time (PDT} and the
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afternoon flight starting at about 13:00 PDT. The spirals were made at locations where the
Pelican aircraft could safely approach the ground, as close as possible to the intensive
ground-level aerosol monitoring sites. Also, during intensive operational periods (IOPs) of |
3C0OS897-NARSTO ozone program, the STI and UCD aircraft made measurements of VOC, NQ,
NO,. NOy, ozone, sulfur dioxide, particle light scatiering, solar radiation, and meteorological

parameters not only in the Pelican aircrafi flight area, but broader area of southern California as
well. Flight plans of multiple aircraft were conducted to have overlapping segments at least once
per day to allow intercomparisons between the systems. For flights that occurred during I0Ps for
ozone episodes, the Pelican spiraled near the ozone lidar based at El Monte Airport at the start
and end of the flight. The results will be used to intercompare the ozene and aerosol extinction
measurements from both sampling platforms.

For 3-dimensional aerosol and radiation characterization (Figure 3.6-1), the Pelican took off from
El Monte Airport to make an upward spiral then traverse to northern Santa Morica Bay where a
downward spiral was made just offshore. Additional spirals were performed near Altadena,
Azusa, Cable Airport, Rialto Airport, Riverside Municipal Airport, Chino Airport, Fullerton
Airport, and Seal Beach. To document the horizontal gradients, traverses between spiral
locations were at a constant altitude. The spiral near Altadena began near 1,000 above ground
level and ascended to an altitude of about 7,000' - well above the altitude of the Mt. Wilson
observatory (5,791"). The upper levels of this spiral will be used to assess the aerosol load above
the height of the solar radiation observations at Mt. Wilson. The lower levels of the Altadena
spiral will allow a comparison with the observations from the spiral near Azusa. Additional
ground-level radiation measurements were made at UC Riverside (CE-CERT) and at Mt. Wilson
during August and September ozone and radiation IOP. Measurements were intended primarily
to provide a data set suitable for evaluation of a radiative transfer model.

For the nitrate-oriented study (Figure 3.6-2), orbit fiights were performed during 4 two-day
episade of ground-level sampling (orbit is a circular or elliptical path flown at a constant alfitude
above a fixed point). Three sites -- Diamond Bar, Mira Loma, and UC Riverside -- were
selected in the SoCAB to examine the formation of fine nitrate particles. The Mira Loma site
was selected because there are large dairy farms just upwind (strong NH3 source), and has a

continuoeus air quality record since 1993 at the adjacent Jurupa Valley High School (Children’s
Health Study site).

The aircraft took off from E1 Monte Airport and made an upward spiral before traversing to
Diamond Bar, Mira Loma, and UC Riverside. The Pelican aircraft flew repeatedly over the
same path o provide sufficient sample time for collection of integrated samples for chemical
analyses. A typical sampling duration was about one hour. The return traverse from Riverside to
the E} Monte Airport was from Riverside to Anaheim to offshote of Huntington Beach, then to
Seal Beach, then inland northward back to the E| Monte Airport, spiral down and land. The

_purpose of the indirect return path was to measure near surface aerosol concentrations over a
greater area of the South Coast Air Basin, and especially to check transport along the Santa Ana
river, which parallels the other major transport path between the Pacific ocean and Riverside .
For the spiral, crbit, and traverse flight paths, a typicat flight path took about 8 hours, allowing:
one flight per day.
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Each of the six studies, discussed above, has a data analysis or modeling component. Many
groups involved in the Aerosol Program, including EPRI, Harvard, BYU, SCAQMD, Caltech,
and ADI, will be involved with comparisons among the various aerosol measurement methods,

Two of the more intensive efforts are for the Trajectory Study and the Radiation Study. The
major objective of the Trajectory Study was to determine the relative contributions of sources
such as gasoline engine exhaust, diese! exhaust, woodsmoke, food cooking aerosol, road dust,
“and secondary organic acrosol to PM2.5 concentrations in the SoCAB. To meet this objective,
Professor Glen Cass of the California Instinute of Technology will calculate source contributions
to the fine organic aerosol concentrations and to overall primary fine particle mass concentrations
at the three sampling sites for four of the two-day episodes. Source apportionment of fine
organic aerosol and fine aerosol mass concentration will be achieved by applying a chemica}
mass balance model that relates source contributions to ambient PM2.5 concenirations using
tolecular markers. The chemical profiles of the emission sources were developed from the

Tunne! Study and previous studies.

Efforts to evaluate and improve radiative transfer models suitable for simulating the effects of
aerosols on photolytic rates will be led by Professors Robert Harley of the University of
California at Berkeley and Nancy Brown of Lawrence Berkeley National Laboratory, and they
will incorporate these results into existing photochemical models, In addition, the research
instruments at CE-CERT and Mt. Wilson will be used 1o evaluate collocated broadband
irradiance measurements to determine the utility of using existing networks of radiometers to aid
in estimating semi-quantitatively the spatial and temporal trends and differences in photolytic
rates across the SCOS97-NARSTO modeling domain.
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Figure 3.6- 1 SCOS97-NARSTO Aerosol Program a.nd Radlatlon Study surfacc sites with
Pelican aircraft flight plan for 3-dimensional aerosol and radiation characterization.

+ Alrport (Splrl! tol'trom :urface)

Figure 3.6-2. Pelican aircraft ﬂlght plan for nitrate aerosol cha.ractcnmnon
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Table 3.6-1. SCOS97T-NARSTO Aerosol Program and Radiation Study measurement groups.

Organization

Investigators

Aerosol Dynamics, Inc. (ADY)

Susanne Hering

Brigham Young University (BYU)

Delbert Eatough, Norman Eatough

California Air Resources Board (CARB)

Cartis Schreiber, Thelma Y oosephiance

Caiifornia Institute of Technology (Caltech)

Glen Cass, Jonathan Allen, Lara Hughes, Philip Fine,
Rebert Johnsen, Paul Mayo, Lyin Salmon

Center for Interdisciplinary Remotely
Piloted Aircraft Studies (CIRPAS)

John Seinfeld, Richard Flagan, Haflichi Johnson,
Mark Frolli, Paul Finn, Kenneth Liao, Lynn Russell

Colorado State University - Nationaf
Renewable Energy Laboratory
(CSU-NREL)

James Gibson, George Janson, William Durham

Desert Research Institute {DRI)

Barbara Zielinska, Larry Sheetz

Harvard University School of Public Health
(Harvard)

Petros Koutrakis, George Allen, Mark Davey

.| South Coast Air Quality Management
District (SCAQMD)

Rudy Eden, Steve Barbosa, Solomon Teffera,
Mel Zeldin ’

University of California at Davis (UCD)

Debbie Niemeier, Britt Holmen, Judi Charles

University of California at Riverside -
Department of Chemistry (UCR)

Kimberly Prather, Markus Gaelli, Eric Gard,
Debarah Gross, and the rest of the Prather Group

“University of California at Riverside -
Coliege of Engineering-Center for
Environmental Research and Technolagy
(UCR CE-CERT)

William Carisr, Denais Fitz, Michael McClamaban

University of California at Riverside -
Statewide Air Pollution Research Center
(UCR SAPRC)

Ernesto Tuazon, Janet Arey, Roger Atkinson

University of Georgia

John Rives, Wanfeng Mou
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Table 3.6-3. Instrumentation at Mt. Wilson and Riverside for the SCOS97-NARSTO Radiation

. Study.
M, Riverside Parameter Instrument Spectral Resolution; Qperator
Wilson | CE-CERT Range (un)
Spectral Radiometers and Actinometer . )
v 3 Spectral UV irradiance Brewer Spectral Radiometer 0.5nm; 286.5 - 363 CE-CERT/
(and column O3, NO3, 509} U, Georgia
¥ ¥ Tatal, direct, & diffuse spectral | Yankee UVMFR, multi-filter 2nm; 300, 305.5, 311.5, CSU-NREL
UV iradiance rotating shadow band 317.5,325,332.5, 368
3 N2 Total & diffuse spectral LI-COR 1800 2nm; 300- 1100 CE-CERT
irradiance (& hand shading)
v I'F) Rate of NO3 photolysis NO3 Actinometer | brozdband; 250-420 CE-CERT
Broadband Radicmeters
v v Total & diffuse UV irradiance Eppley UV (& shadow band) 3 broadband; 295-383 CE-CERT
B + Total & diffuse Imldlancc Eppley PSP (& shadaw band) 3 breadband; 285-2800 CE-CERT
+ Bl Total & diffuse irradiance Eppley $-48 {& shadow band) 3 broadband; 285-2800 CE-CERT
Aerosol Measurements and Cameras
J4 BEE] Single particle size, - ATOFMS N/A UCR
composition
+ ¥ Light-scattering asrosols Nephelometer, Optes NGN-2 visible CE-CERT
B + Light-scattering acrosols Nephelometer, MRI 1590 visible CE-CERT
v ¥ Light-absorbing aerosols AISi Tape Sampler (COH) visible CE-CERT
v v Light-absorbing acrosols Acthelometer visible CE-CERT
6 K Visible sky conditions Video Camera visible CE-CERT

1 The original Mt, Wilsen site was replaced and fully instrumented on August 21,

2 Operated on June29-July 5, August 21-23,27-28, September 4-6, 10, 12, and October 30-November 1.
3 Duplicate instruments, with and without shadowbands, operated at cach site.
4-pormble ATORMS was operated at Mt. Wilson on initial radiation intensive days of June 29-July 5.
5 Operated at UCR-Pierce Hall during all periods of intensive monitoring for radiation.

6 Video camera operated by NOAA, looking southeast and downward on the mixed layer. $till camera operated by

Portland State.
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Table 3.6-4. Instrumentation on the CIRPAS Pelican,

Parameter Instrument
Position Trimble Navigation, TRNS Vector GPS
Altitude Rockwell, radar altimeter

Aerosol size distributions,
0.005 to 0.15 pm, 45 channels, 1 min

Caltech, Radially Classified Aerosol Detector
(RCAD), :
Differential Mobility Analyzer

Aerosol size distributions,
0.1'10 3.0 pm, 15 channels, 1 sec

Particle Measuring Systems,
Passive Cavity Aerosol Spectrometer PCASP-100

Cloud droplet size distributions,
0.5 to 47.0 um, 15 channels, 1 sec

Farticle Measuring Systems,
Forward Scattering Spectrometer Probe, FSSP-100

Cloud droplet size distributions,
21 to 260 pm

Particle Measuring Systems,
QAP-260X Spectrometer

Cloud droplet effective radius and Tiquid
water content

PVM 100

Residual particles from evaporated cloud
droplets £ 7 um

Stockholm University, Counter-flow Virtual
Impacter (CVI)

Light-scattering aerosols

TSI, multi-wavelength (450, 550, and 700 nm}
integrating nephelometer

Dimethyi sulfide, carbonyl sulfide, and
509

RVM Scientific, automated gas chromatograph _

Ozone

Dasibi, 1003-AH

One-hbur integrated PM2.5 mass, EC, OC,
8047, NO3-, Cl-, NHy, trace elements

Aerosol Dynamics, Inc.,
multichannel one-hour integrated PM2.5 sampler

Temperature (static)

Rosemont, 102

Pressure (static}

Rosemont, 1201

Pressure (dynamic) . Setra, 239
Dew Point Edgetech, 137-C3 Hygrometer
Solar irradiance, downward and upward Eppley PSP .

Eppley UV

UV irradiance, downward
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